Attraction of the soybean pod borer, Leguminivora glycinivorella (Matsumura), an economically important pest of soybean, to nine plant volatiles, alone or combined with two kinds of synthetic sex pheromone, ((E,E)-8,10-dodecadienyl acetate (EE8,10-12:Ac), or a blend of EE8,10-12:Ac and (E)-10-dodecenyl acetate in a 10:1 ratio), was evaluated in field trapping experiments in a soybean field in Harbin, China. By themselves, the plant volatiles (dose) linalool (0.1 mg), (Z)-3-hexenyl acetate (0.1 mg), and geraniol (0.1 mg, 1.0 mg) were weakly attractive to L. glycinivorella males, but significantly reduced mean catches when higher doses were combined with pheromones. Conversely, (E)-2-hexenal, benzaldehyde, and phenylacetaldehyde were not attractive to L. glycinivorella males at any dose tested, but significantly increased mean catch when certain doses were combined with the binary pheromone blend. Other plant volatiles, such as (Z)-3-hexen-1-ol, (Z)-3-hexenyl acetate, and (E)-2-hexenyl acetate, were unattractive on their own, but significantly reduced mean catch of L. glycinivorella males when certain doses were combined with the pheromones. These results suggest that efficacy of pheromone-baited traps for survey and monitoring of L. glycinivorella male moths may be enhanced by the addition of specific plant volatiles and that the relative dose is critical.
The soybean pod borer, Leguminivora glycinivorella (Matsumura), is one of the most destructive pests of the soybean crop in many regions of the world, including north China, especially Heilongjiang Province. Larvae feed mainly on the hulls of pods, especially young beans, severely reducing crop yield and quality [1] [2] [3] . The monitoring and mass trapping of adult pod borers using sex pheromone traps are of great agricultural interest. First of all, attractant-baited traps could be used to indicate the first emergence or peak flight activity of certain pests in a given area,often in order to time an insecticide application and eliminate unnecessary spraying or to signal the need for additional sampling efforts. Secondly, mass trapping of insect pests is a process, also termed removal trapping or "trap out", that uses species-specific sex pheromones that attract male moths [4] .
(E,E)-8,10-Dodecadienyl acetate (EE8,10-12:Ac) is the main pheromone of L. glycinivorella, which has been used in monitoring and/or mass trapping the pest [1, [5] [6] . We evaluated its application in a soybean field in China and the results showed that a single component of EE8, 10-12: Ac at a dose of 0.1 mg (P1) and its blend mixture with (E)-10-dodecenyl acetate (E10-12:Ac) in a ratio of 10:1 (P2) exhibited significant attractiveness to L. glycinivorella males [7] .
Olfaction is an important modality for insects serving inter-and intra-specific communication [8] . As host plant volatiles can serve phytophagous insects to locate rendezvous sites for mating whereby the probability of encountering the opposite sex may be enhanced, the host plant choice and mate choice are tightly linked [9] [10] . To date, numerous studies about interactions between insect pheromones and host plant chemicals have been reported [9] . That plant volatiles have been shown to enhance the attractiveness of sex pheromones have been commonly reported [11] [12] [13] .
Linalool, (E)-2-hexenal (E2-6:Ald), benzaldehyde, (Z)-3-hexen-1-ol (Z3-6:OH), (Z)-3-hexenyl acetate (Z3-6:Ac), (E)-2-hexenyl acetate (E2-6:Ac), (E)-2-hexen-1-ol (E2-6:OH), geraniol, and phenylacetaldehyde (PAA), in various quantities, are reportedly the most common volatile compounds in leaves and flowers [14] [15] . The purposes of the experiments were as follows: 1) to determine the activities of the selected plant volatiles in enhancing sex pheromones for the response of L. glycinivorella males to femaleproduced sex attractant pheromones; 2) to compare the effectiveness of nine volatile compounds analogues; and 3) to design an efficient lure that can be used in integrated pest management (IPM) programmes for L. glycinivorella.
Individual plant chemicals may be attractive alone [16] . It has been reported that Spodoptera exigua, Trichoplusia ni, and Ostrinia furnacalis could be attracted by PAA [17] [18] [19] , while Sitona lineatus is attracted by Z3-6:Ac, and Frankliniella occidentalis by linalool and geraniol [9, 20] . In the present work, traps baited with linalool (0.1 mg), Z3-6:Ac (0.1 mg), geraniol (0.1 mg), and geraniol (1.0 mg), had mean catches that differed significantly from controls among the 27 compound (dose) combinations tested (Table 1) . Nevertheless, the attractive effect is too weak to be of practical application.
Plant semiochemicals are known to produce a wide range of behavioral responses in insects [10] . The most important is that chemicals from host plants often synergistically enhance the response of an insect to sex pheromones. Our results indicate that addition of E2-6:Ald at the higher doses (at 1.0, and 2.0 mg doses) [17] . E2-6:Ald also shows a synergistic effect on the pheromone component of Lygus lucorum and Maruca testulalis moth [15, 21] . We observed that the attraction of the main pheromone compound P1 to L. glycinivorella was greatly enhanced by the addition of either (E,E)-8,10-dodecadienal, (E)-8-dodecenal, or (E)-10-dodecenal [7] . Here, lures baited with synthetic sex pheromone P1 or P2 combined with E2-6:Ald, benzaldehyde, or PAA captured more male moths than traps baited with pheromone alone. Consequently, these compounds, as well as the sex attractants of other Lepidopteran insects, are expected to have broad application prospects.
NPC Natural Product Communications
On the other hand, plant volatiles can also have inhibitory or repellent effects that interrupt insect responses to pheromones [10] . A representative example is 4-allylanisole, a common compound produced by loblolly pine (Pinus taeda) and other conifer species, which significantly reduced the response of Dendroctonus frontalis to its own pheromone when simultaneously released with the natural attractant in the field [22] . Our results showed that addition of geraniol or linalool at the highest doses seems to reduce attractiveness in both cases, as does Z3-6:OH at the lower doses (Tables 2 and 3 ). Z3-6:Ac and E2-6:Ac are strongly inhibitory at the 1:1 and 1:20 blend, but not at the intermediate 1:10 blend in both cases (Tables 2 and 3 ). These inconsistencies require additional replicates to be verified.
At present, there are various hypotheses with respect to the inhibitory or repellent mechanism of plant chemicals, the predominant one implying that beetles are able to detect a suitable host in flight, but does not preclude the possibility that the information perceived is alternatively about the unsuitability of a potential host. Another hypothesis is that host selection may be dependent on a lack of repellence [22] . Now the attractiveness or synergistic natures of many plant semiochemicals have been well documented, but the repellent or inhibitory effects of others have been largely overlooked and warrant further exploration. compounds on sex pheromones still need to be evaluated to improve the attractiveness of sex pheromone lures to male moths, and provide the proof of behavioural mechanisms underlying the enhanced attraction to sex pheromones.
Numerous investigations have demonstrated the effect of multicomponent plant chemicals on sex pheromone communication in

Experimental
Chemical: EE8, 10-12:Ac and E10-12:Ac were synthesised via coupling of Grignard reagents with acetate catalysed by Li 2 CuCl 4 . [24, 25] . The structures of the synthetic compounds were characterised by GC/MS as well as 1 H and 13 C NMR analyses. Before field tests, all compounds were purified by CC using silica gel. The purity of all compounds was more than 98% with respect to positional and geometric isomerism. Linalool, E2-6:Ald, benzaldehyde, Z3-6:OH, Z3-6:Ac, E2-6:Ac, E2-6:OH, geraniol, and PAA were all purchased from Aladdin Chem. Co., Ltd (purity ≥ 98%).
Field trapping experiments:
Trapping experiments were carried out during July and August 2010 and 2011 in 2 soybean fields separated by 30 km in Harbin, Heilongjiang Province, China during the flight period of L. glycinivorella males. Mean temperature, relative humidity, and wind speed during the trapping period were 25 o C, 50%, and 6.0 ms -1 in 2010, and 23 o C, 60%, and 6.5 ms -1 in 2011. Synthetic chemicals and GLV compounds were respectively dissolved in ca. 100 μL of dichloromethane and impregnated into one rubber septum (blue, 0.3 g, 10 mm outside diameter × 16 mm height; Xi'an Dizhai Co., Shaanxi, China) at various doses (see below). The solvent was evaporated at room temperature overnight. A water pot (green, 24 cm diameter × 10 cm depth, Weilu plastic Co., Qingdao, Shandong, China) 3/4 filled with water and 0.5% detergent was employed as the trap. Traps in one replicate were hung from a wire, suspended 1-2 cm above the surface of the water in the trap, which was hung on a tripod 1 m above the soil surface at ca. 13 m from each other, composing a rectangle. Placement of treatments was initially randomly assigned and then changed daily in a sequential order. Insects captured on the traps were removed every morning and identified, sexed, and catalogued. Two types of controls were included: rubber septa impregnated with 100 µL dichloromethane as a solvent control, and untreated rubber septa. Six replicates were used for each treatment.
In experiment 1, the effect of dose on capture of L. glycinivorella males in traps baited with 9 volatile compounds (linalool, E2-6:Ald, benzaldehyde, Z3-6:OH, Z3-6:Ac, E2-6:Ac, E2-6:OH, geraniol, and phenylacetaldehyde; 0.1, 1.0, and 2.0 mg per lure) was tested from July 30 to August 6, 2010. In experiment 2, we tested 9 plant volatiles (linalool, E2-6:Ald, benzaldehyde, Z3-6:OH, Z3-6:Ac, E2-6:Ac, E2-6:OH, geraniol, PAA) at 3 doses (0.1, 1.0, and 2.0 mg) added to traps baited with P1 for their effect on numbers of L. glycinivorella males captured in traps. This experiment was conducted from August 3 to 10, 2011. In experiment 3, we tested the plant chemicals (linalool, E2-6:Ald, benzaldehyde, Z3-6:OH, Z3-6:Ac, E2-6:Ac, E2-6:OH, geraniol, and PAA) at 3 doses (0.1, 1.0, and 2.0 mg) added to traps baited with P2 for their effect on numbers of L. glycinivorella males captured in traps. This experiment was conducted from August 5 to 12, 2011.
Statistical analysis:
Capture data were transformed by log(x+1) before performing analysis, and statistically evaluated by ANOVA, followed by Tukey's HSD (Tables 2 and 3) , whereas the mean values were not transformed in Table 1 . In all cases, the accepted level of significance was 5%.
